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RESULTS OF FIELD STUDY FOR LOOP, INC.

I. INTRODUCTION

'survey St.&t ions.

SOURCES OF REPORT DATA

On 23 July 1980, TerEco Corporation forwarded a report to LOOP, Inc.
covering Survey No. 3 and with some comparisons between No. 3 and Surveys
ﬁo. 1 and No. 2. The June report discussed survey results obtained by Ter-
Eco and as well incorporated hydrocarbon datas provided by Carbon Systems,
Inc. and some water quality data transferred to TerEco by persomnnel of the
Louisiana Wildlife and Fisheries Department and by Shilstone Engineering
Testing Laboratory, Inc. with Mr. A.J. Heikamp acting as the transfer

agent.

‘The present report deals with the results of Survey No. 4, which was mount~

.ed by TerEco between 15 and 23 November 1980. Some water quality:data were

supplied to TerEce by LOOP, Inc. (from Shilstone), but during this survey

TerEco peraonnel also determined salinities and dissolved oxygen values

_durxng BOM deployment and retrieval operatioms. All hydrocarbon data’ were

-supp11ed to TerEco by Carbon Systems, Inc. Detsils of the hydrographxc and

hydrocefbon data are included as appendices, A and B, reapectlvely. En-

Zyme, energy charge, and metal analyaea were carrled out in TerEco's labor-

"atories, These analyses were done on animals exposed in Blotal Ocean anl-v

tors (BOM) of both pelaglc (P*BOH) and benthic (B-BOM) types placed at’ the

BOM PLACEMENT AND RETRIEVAL

In Survey No. 4 elght B-BOHs and two P-BOMs were deployed among the elght. o

-stations shown in Flgure 1, " All BOMs were left out for three days

shownt in Table 1. 1In spite of modetately bad weather and zero to Ixmlted

underwater v151b111ty -all BOMs were retrieved on achedule. .All organ1sms

were ' in good condition in contrast to Survey 3 when very | ‘low dIBSOIVed'

' oxygen in the bottom water caused heavy mortallty among test organxams.i'




. 9010 . :
29
10
~
"
* - ST : ‘
o= I.'“_ ok ] R . Punoun;m hted) )
gc ‘c"liDN - b . 6 s " Hgg“s ) . 3?’ s 6
[) s
ey 3 % :
4D
U
@ ar
o Putionn ighed) 4
HORN
D .
Plaliorms (ighted)} s
HORNS 4 s
4lm S
- ’ .
. S 1 ]
; 43 D R
s e
:f - "
- \y 43 48
P . Py i
N - - *
- - s, . k. ‘
N\ 365 ren) mzo 45 46 AN
- - , . -P-P! .\\‘ lﬁ}' . 0 ”
- Platforms (lighted) | » ' S
- \\..._‘- ." atforms (g s]\‘- 6 N . S /
. T e e . e T ¥
R o R VAN Sy
A\ N e T PP )
N\ 43 .V : _
- Note that

‘Fig. 1- Map of the eight LOOP stations off the coast of Louisiana.
all gtations are located adjacent to an oil platform except for #3 which is the

location of the brine diffuser. : S
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TABLE 1
Deployment and Retrieval of BOMs During LOOP Survey &

B Stands for B—BOMs and P for P-BOMs
Offshore Louisiana 1980

Date Station Number {(as in Figure 1)

Deployment 2 3 (diffuser) & 5 6 7 8 (control)
18 November 1980 B, P B, P

19 November 1980 B B B B B

= [

Retrieval
21 November 1980 B B, P , B, P
22 November 1980 B " B B B B

TYPES AND NUMBERS OF ORGANISMS UTILIZED IN TESTS

The same test organisms were used in Survey No. 4 as were used in Survey

No. 3, namely, killifish (Fundulus _&randis), grass shrimp (Palaemonetes

pugio), brown shrimp (Penaeus aztecus), and oyster (Crassostrea virginica).

The latter species was omitted from the two P-BOMs because of poor condi-
tion and insufficient numbers. The brown shrimp is never used in P-BOMs.

The numbers of each species placed in the BOMs are shown in Table 2.

TABLE 2

" Numbers of Test Species Placed in BOMs

Organisms R T ,-:a"‘ Numbers o
.. . . . .. . ©»P-BOMs . B-BOMS
Fundulus g?andis#(fish):i;?:f;:”: . ‘,"ii 60 '_'L ;60”L?:; : 
~ Palaemonetes pugio (Qraé%wéﬁfiﬁp) “_'i. ‘ 75 - 5  f7§7l_-='
Penaeus aztecus (broﬁn shrimpi1 "f:'- ' 0 . 'ﬁ?°ojjf“
Crassostrea virgihica (bfster) . - 0 ,"';ZQ:.”“
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1I. ENVIRONMENTAL MORTALITY DURING EXPOSﬁRE

In contrast with Survey No. 3 when mortality of test organisms was very
high in the B-BOMs, averaging 84 percent among the four species, mortality
was very low in the B-BOMs in Survey No. 4. In fact the only serious mor-
tality occurred among the oysters in the B~BOM at the Control Station No.
8, This can be attributed to the poor condition of the oysters when col-
lected plus the large smount of mud found in the bottom of the unit when it
was hauled aboard. Certainly all other environmental factors that were
measured during the test, particularly salinity and dissolved oxygen, were
wholly satisfactory. Mortality notations are shown in Table 3 along with

the high mortality figures of Survey No. 3.

TABLE 3

Average Percent Mortality of Test Specles
By BOM Type in Survey 4 — Compared with Survey 3
November and June 1980

Species P-BOMa B~BOMs
‘ No. 4  No. 3 No. 4 No. 3
Fundulus grandis (£fish) o [+ 2 .2 ” _ 85
Palaemonetes pugio (grass shrimp) 0 100
Penseus aztecus (brown shrimp) - - 5 98
Crassostrea virginica (oyster) - -4 20 53

The differences in morta11ty between the two surveys are very str1k1ng.

The high nmrtallty of Survey No. 3 and low mortality of Survey No. 4 in

- B-BOMs is moat certalnly related to dissolved oxygen and not to sa11n1ty.

As is shown 1n the ‘next section, dissolved oxygen had returned to normally

high levels in November, whereas salinity of the bottom waters was much the“

same in November as in June,
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IiI. HYDROGRAPHIC CONDITIONS DURING THE STUDY PERIOD

During Survey No. 4 the principal winds were strong and blew at first out
of the northwest quadrant and just before and during BOM pickup out of the
northeast quadrant., These winds, especially the shift to the NE, can ac-
count for the fact that between BOM set on November 18 and 19 and BOM pick-
up on November 21 and 22 the mean salinity dropped while the dissolved oxy-

gen went up (see Tables 5 and 6).

TEMPERATURE

The mean surface water temperidture during Survey No. 4 was approximately
midway between the June high of 28.97°C and the December low of 17.46
(Table 4). The mean bottom water temperature on the other hand was rela-
tively colder, being only 3.5°C above the December low but as much as
8.15°C below the June high (Table 4). Since at this time of year, the in-
shore water is often colder than the offshore water, it is probable that it

was mixed with water from the adjacent estuaries.

TABLE 4

Mean Surface and Bottom Water Temperatures (°C)
at LOOP BOM Stations During Four Surveys

Survey 1 Survey 2 - Survey 3 Survey 4

October  December ©  June November
Surf#ce Water ‘ : — ‘ Al R N
During BOM set 27,00 17.46 - 28.97 - 21.44
During BOM pickup . 24.50 15.21 27.14  21.50
Bottom Waterh?; lL R 7 ..: ‘ J :,_
During BOM set 26,79  16.30 S 27.77 - 19.58
During BOM pickup =~ 26.41 16.25 25.73 19.62
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SALINITY

Although the mean surface salinity during Survey No. 4 was slightly higher

~ than that during Survey No. 3, the bottom salinity averaged slightly lower

(32.730/00vs. 32.919/00). But as can be seen in Table 5 these salinities
are well within the range of normal inshore seawater, from 32 to 34 or

350/00. The fact that in the 3-day interval that the BOMs were on station

the salinity of both surface and bottom water dropped between 2 and 3 ppt’

indicates that the strong NE winds were pushing estuarine water offshore
and pretty thoroughly mixing the water column (only a 0.15 ppt difference
between surface and bottom)., If we take the mean of the mean salinity
values in Table 5 for the two pre-brine—~discharge surveys and compare them
with the values obtained from the two post-brine~discharge surveys the
salinity appears to have risen no more than 2.410kq which is about half as
much as it can change within a matter of hours or days at these inshore
locations (see Survey No. 2 in Table 5). Another remarkable fact is that
the salinities at the Diffuser Station 3 are only slightly higher than at
Control Station 8 (see Table 6).

TABLE 5

Mean Surface and Bottom Water Salinities (°/oo)
at LOOP BOM Stations During Four Surveys

Survey 1 Survey 2 Survey 3 Survey 4

October December June November
Surface Water L ' . _ . .
During BOM set .- 32.88 31.37 29.25 ©33.62
During BOM pickup - 30.89 . 23.20 32,47 32.69
Bottom Water , , _ _
During BOM set .~ 32.90 31.96  31.69 33.61
During BOM pickup  ~  30.88 24.99 34,13 31,84
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TABLE 6

Salinities (©/oc.) of Surface and Bottom Waters at the
Eight LOOP Stations During BOM Set and BOM Pickup
During LOOP Survey &

BOM SET BOM PICKUP
Station Surface Bottom Surface Bottom
Nov. 18, 1980 ‘ Nov. 21, 1980
8 - Control 31.65 31.63 30.75 31.20
3 - piffuser 32.61 32.61 32.03 32.15
1 32,32 32.75 31.67 32.15
Nov. 19, 1980 Mpv e 22,1980
2 34.40 34.30 31.79 31.56
4 34.52 34.40 31.67 32.03
5 34.40 34,16 31.91 31.56
6 34.52 34,52 31.79 32.03
7 34.52 34,52 31.91 32.03

DISSOLVED OXYGEN

Dlasolved oxygen (D0) concentrations during Survey No. 4 were normal in
both surface and bottom waters (Table 7). There was a modest increase of
little significance in DO concentrations between BOM set on November 18-19

(ave. 6.34 ppm) and BOM pickup on November 21-22 (ave. 7.08 ppm). This

. probably resulted from oxygenation and mixing of the water column by the

high seas running in the time interval between set and pickup. As can be
seen in Table 7, the DO concentrations in the bottom waters averaged well
above the lows of June 1980 when sBuch high mortality of test organlsms in

the B~BOMs occurred (TerEco LOOP Report No. 3, June 1980).




TABLE 7

Mean Surface and Bottom Water Dissolved Oxygen (ppm)
at LOOP BOM Stations During Four Surveys
' Survey 1 Survey 2 Survey 3 Survey 4
a October December June November
Surface Water
During BOM set 7.70 8.17 8.30 6.39
During BOM pickup 7.83 9.80 6.43 7.05
Bottom Water
During BOM set 5.09 8.50 4,70 6.29
During BOM pickup 4,58 8,27 1.93 7.10
9
A
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IV. CHEMICAL ANALYSIS OF ORGANISMS

TRACE METALS

Tissues used for Trace Metal Analyses

The following tissues were utilized from each of the four test species
(actually 5 spp., since shrimps were a mixture of brown and white shrimps)

for the metal analyses:

1. Penaeid Shrimp: muscle from tail section. Five tail sec-
tions were pooled to provide sufficient flesh for good analy-

sis. Exoskeleton and "vein" removed.

2. Crassostrea virginica: adductor muscle from five individ--

uals,.

3. Fundulus §pandia: muscle tissue and backbone from five indi-

viduals. Skin flayed off and not included.

Sample Digestion

Each tissue sample comwprising 0.3 to 0.5 grams was freeze-dried for 48
hours. Each was then stirred and an sliquot weighed for digestion in a
tared 180 ml spoutless electrolytic beaker. Ten ml of double distilled
concentrated nitric acid was then added to each beaker. Partial digestion
was accomplished in 8 hours at room temperature, After covering with a
watch glass the beakers were heated in a figerglass hood until refluxing
produced a clear solution. Heat was then turned off and the beakers allow-
ed to cool at which time 3 ml of perchloric acid was added. After removing
the watch glasses, the beakers were heated and the solutions evaporated to
drynesa, 1If digesfion was complete, the residue was white; if not, it was
yellow or green. To the latter an additional 5 ml 6f concentrated nitric
were added and the solution refluxed and evaporated to the white residue,

Beakers with no tissue but with all reagents added were treated as reagent




flanks. Additionally, National Bureau of Standards reference materials
(bovine liver and orchard leaves) were digested, and used as a recovery
check, '

+

One ml of nitric acid and 4 ml of distilled deionized water were added to
each beaker. Low heat was applied until the white residue was dissolved.
After transferring to a tared 7-dram vial, the samples were reweighed and =&
dilution factor calculated. Metal analyses were then determined on the

sclutions by means of AA spectrophotometry.

Results of Trace Metal Analyses

As was noted on page 13 of TerEco's LOOP Report No. 3, there is a marked
seasonal difference in the degree to which the test organisms accumulate or
unburden themselves of metals. For instance, the oyster appears to accumu-

late zinc and copper to a much higher degree in warm than cold periods of

the year:
Oyster: means of all B~BOMs at LOOP station's for date
(Zn, ppm) ' (Cu, ppm) (cd, ppm)
December 1979 , 389 4.10 .38
June 1980 : 2,186 23.40 .92
November 1980 532 8.75 .93

' This reinforces the asssertion made by TerEco at an earlier time that data
derived from warm and cold water periods are an absolute necessity to pre-—
vent the drawing of invalid conclusions that can be of considerable conse-

quence.

There is a little evidence that test organisms are accumulating metals
within their tissues during the 72-hour period of exposure, This finding
applies particularly to the oyster and to a lesser extent to Fundulus, and
only to a 1imited nueber of stations. As shown in Table 8, the average

metal concentrations derived from all stations were not significantly

10




(S8° ¥ 09°T2) (99°S T €6) (80° F2€°) % ‘oN To3ju0p ‘3ay
62°€ ¥ 6£°17 =2ldmeg oN Z6°1T 7 0S°1¢ a1dweg ON 61° 7 gz o1dues oy ¥ ‘ON &daing

(A3TT1®IIOQ dTXOUY) (A311TRII0K DTXOUY) (£3118330K d1X0UY) . g ‘ON Kaaang

(snoeuad) dwtays

(8%°'1 ¥ €L°8) (96T ¥ TES) (¥Y1° # 19°) % *ON Toajuopd °3yay
16°T T %5°8 ajdmes oN 96 I EX a1durg ON omp ¥ £6° @erdueg oN # ‘ON Laaing
%€°9 FE€E°0T OT°T1 7 8% L1 1Ty 7 86L1 S9% F HYITT TT° % T6” %1° =S OE'1 € ‘ON &eaing

| . a21840
(sT° 7 ST'T) (v%7°11 F 9€°€9) (60" F ¥T°) % ‘ON Toxjuol "3ay
08° =FIS'T Ov' 5 €L°T 99°0€ ¥ 00°S9 . E€0'ET ¥ 0§°TL . 1Z° F 0€° ¢T° ¥ 1T # *oN Laaang
LS° F0S'T 6Z° F 81T 08y T €9°%6 #6°%% 1 0T°90T 100" + 907 S00° ¥ LO° g 'oN Ksaang
. snynpung
Woda-4 Hod-d Rog~d Rog-d . Rog-€ Ko¥=-d
J2ddo) utTZ WRTUpPE)

{87017U0D 2IU3A3I3I 4 "ON 103 SINTPA B gosayuaxed ur sxaquny)
€ 'ON Aa2AIng JOO7T yiia paapdwon ¢ *ON Lpaing J0OT
SHOE-2 PUB SHOg~d ul pIoy sustuelxp 3188l Jo
anse1] s7dsny ul (Wwdd) sUOTILIIUAOUOD TRISH OBIL JO SUBIK

g HIEVL

11




*IndIno 198NIITP YITA BTEIAM 283Y] JO UOTIBTNENIIBOTQ YUI] PINOs IBY] JWI3 Judsazd ayl I8 2OUSPTAD

ou BT |xBY3I

ur A1ae(noriaed ‘ese{elEd °mA2ud JYl I0J SISATBUB WOIY PRATISIP EBIEP

‘2883 AuB uj

"(E1 °19®l 298} eninpung 103 IJUIIX2 I2882] B 0F pur 133840 Y3 JO 98BD BY3I

?Y) ur Pa3IoR[Faa 3aaa sBurpurjy IE8Y]

9T 5 €48 %I F € 100 % &% 10° ¥ 667 00" % 08 411 F y€9  uz
100° 7 95  100° 3§ 1€° zo° % ¥ 1000 = 0% 100 % v 41 F 42 PO
snInaNnd
2" F LS L§" % 0TL 161 7 €0°CT 9IS ¥ SZ6 L0 F  4S  T9T F §L°8 M
sz ¥ €56 88 ¥ IS Iz ¥ 66§ 8T ¥ 86§ HIT ¥ SIv 66T ¥ zEs  uz
1000 5 #1° 100 7 ¥ ¥ 7 881 O 3 9L W F 16 o' ¥ 19° Po
0 €9 a5 : T T (mdd)
doT3®Ig 1013U0) 90Us1a3J98 [BION
YILSKO

4 dO0T suorlelg ABINOTIARg woiy sadweg utr SsTw¥ISN jo (wdd) ‘suorivijuaduo) uwIR

6 ITEVL

(3] nrm

12




TABLE 10

N
Alkane and Aromatic Hydrocarbon Concentrations {ppm) in
Whole Oysters and Muscle Tissue of Fundulus and Brown Shrimp
Q Modified from Carbon Systems Report (Appendix B)
- LOOP Survey No. 4. RF = Reference Control
Alkanes ~_Aromatics
Station Oysters, Fundulusg, Shrimp Oysters, Fundulus, Shrimp
1 42 .37 .08 35.53 2.33 1.07-
2 .36 .23 - .07 41.97 1.60 .81
3p —_— .29 . —— 2.10 —
3B 6.65 .25 .03 219.33 2,20 .86
4 .22 .26 .02 23.40 1.77 .86
- 5 .36 .22 .01 38.93 2,20 <63
6 : S4 .27 .05 78,83 1.30 1.60
- 7 .32 .20 .01 37.07  1.53  1.07
n 8 . == . 23 - - 1.83 . —-
8B . .30 .20 .00 . 25.87 1.40 .77
RF .35 36 L02 © 22.80 2.94 .69

)

%
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ADENYLATE ENERGY CHARGE

The adenylate energy charge ratio (E.C,) was determined on both the grass

shrimp (Palaemonetes pugio) and the brown shrimp (Penaeus aztecus).

results of the laboratory analyses are shown in Table 11 along with the

results obtained from Surveys 1, 2, and 3.  Several important points can be

made:

(1)

(2)

- (3)

W

The E.C. of the grass shrimp averaged higher than during any
of the previous surveys. This is particularly important in
view of the fact that brine discharges have been a regular

occurrence since April 1980. 1In fact, brine of salinities
of about 208°/oc from Cavern 8 and 1790/o0 from Cavern 15

was being discharged throughout the period of Survey 4.

The E.C. of grass shrimp held in both the P-BOM and B-BOM
deployed at the Diffuser Station 3 were very high, averaging
almost as high as those of grass shrimps in the P-BOM and
B-BOM at Control Station 8., It is important to note that

_dissolved oxygen concentrations in both surface and bottom

vaters were normal in Survey 4.

The above findings make it clear thaththe high mortality
suffered by test grass shrimp during Survey 3 was not éaused
by brine discharge. As noted elsewhere, the cause was very
1ike1j low oxygen in the bottom water — a probability that
is strengtﬁened by the observation that grass shrimp in the
P-B0Ms of Survey 3 did not die (Table 9). - Dissolved oxygen

concentrations in the surface waters circulating through the

) P—BOHs‘werg normal at the time.

The E.C. of the brown shrimp also averaged higher than dufﬂ

ing;the'previoua surveys. Also, those in the B-BOM at the

 ;diffﬁser had the same E.C, as those at the control station; ~

15
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1

(5)

The high E.C.s of the brown shrimp in the bresent survey
(they were in B-BOMs only) and the normal dissolved oxygen
concentrations in the bottom water support the conclusion
that the 100Z mortality of brown shrimp during Survey No. 3

was caused by anoxia (Table 11).

16
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TABLE 11

Mean Comparison of Adenylate Fnergy Charge Ratios Between
Surveys 1, 2, 3, and 4 (Oct., Dec. 1979; June, Nov. 1980)
for Whole Grass Shrimp and Abdominal Muscle of Commercial Shrimp
Station 3 is Diffuser; Station 8 is Control

Station Survey 1 Survey 2 " Survey 3 Survey 4
GRASS SHRIMP (15 animals)
1 (B-BOM) 25 % .12 95+ .10 Anoxia .95 & .02
2 (B-BOM) 73 & .12 .90 & .09 Anoxia .92 + .03
3 (p-BOoM, diffuser) 72 & 07 .79 £ .10 79 £ .11 .94 £ 04
(B-BOM) : : Anoxia .96 £ .02
4 (B-BOM) .86 £ ,08 .90 £ .15 Anoxia .95 + .03
5 (B-BOM) .82 + .12 .92 £ .12 Anoxia .92 & 04
6 (B-BOM) .79 £ (11 .85 = ,04 Anoxia 94 £ 06
7 (B-BOM) .84 + .13 .96 = .12 .10 £ .001 91 .04
8 (p-BOM) ‘ W77 £ .12 .80 .08 73 % .11 .98 * 02
(3-BOM) 73 = .17 .85 + 11 .58 + ,01 .95 £ .03
Reference Control 77 % .12 .75 .07 .76 * .18 .93 * .02
Mean of Means - .78 . .86 .60 .9

COMMERCIAL SHRIMP (6 replicates)

1 .81 + .08 .90 = .9 Anoxia .85 .02
2 . , . : .85+ .14 = ;93 * .08 ~ Anoxia L8l * .04
3 (B“BOM) - S s R Anoxia - 92 * .04
6 - 83 .09 .90 * .13 Anoxia © .91 % .07
5 - .83 £ .10 .81 % .07 Anoxia .86 % .08
6 - .87 + .0L 93 * .17 Anoxia .89 % .06
7 .. .18%.,11 .89 * .05 Anoxia .91 % .05
§ (B-BOM only) - " .77 £ .07 .83 % .05 Anoxia .92 .05
‘Reference Control _  [77 * .13 .99 * .07 .9 * .05 .98 £ .01

Mean of Means ~ - .81 .90 : .89

17




METABOLIC ENZYMES

ST,

CYTOCHROME P-450/P-420
? As shown in Table 12 there is some evidence of moderate contamination of
. both the benthic and pelagic environments of this region by petroleum
hydrocarbons. The lack of mortality in test species ' indicates that the
levels of contamination are not sufficient to cause acute impacts with the
72~hour test period. Also, the high level of the energy charge seems to
indicate that the test species were not suffering stress during the test
period.
TABLE 12
Mean Cytochrome P-450/420 Levels in Fundulus (liver), Oyster (gill),
and Shrimp {abdominal muscle) Exposed in P-BOMs and B-BOMs
LOOP Survey No. 4, November 1980
Station Cytochrome P-450/420, nanomoles P;4501m§.protein
:pil Number Fundulus Oyster Shrimp
1 .208 + ,03 .100E .Y 063 + .02 079 = ,04
. 2 310 & .04 1A= 035 2 01 029 £ .02
3P 380 = .04 (M
3B .380 £ .08 1l .023 = .01 044 = .03
.190 £ ,02 o%% 059 t .01 .05 * .02
406 & .04 33T 091 & 001 041 .02
.190 + .06 ‘¥ - _p12 * .o01 .038 -+ .01
70 ¢ .06 %% 009 * 0001 041 £ 02
8P 542 £ 21 Y
8B .320 + .04 !¥1 024 £ ,0001 1124% 07
t .15 %% . 034 = .0001 .050 + .01

RF .590

18
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THE ENZYME ATPASE

‘r\ The ATPase levels (Table 13) found in Fundulus, the oyster, and shrimp in-

dicate that there were moderate levels of some biphenyl in the water ahd/or

? sediments at the time of the test., This might not mean that PCBs or some
) other biphenyl had been introduced into the area since Surveys 2 and 3 but
| that such materials were resuspended as a result of the high turbulence
before and during the period of Survey 4. Divers deploying and recovéring
- the BOMs reported extreme turbidity,
TABLE 13
Mean ATPase in Fundulus (liver), Oyster (gill), and Shrimp (muscle)
Exposed in P-BOMs and B-BOMs
LOOP Survey No. 4, November 1980
ATPase Units* x 10~4/mg protein
Number Fundulus . Oyster Shrimp
1 3.73 & 1.42 347 3,28 x ,37 10,04 + 2,34 £
2 2 3.41 + .65 4% 2.35 & .29 8.00 + 1,36 &.27
r\ 3p 4,93 + .66 (05 ' '
. 3B C 4.36 % 1,94 ASY 2,67 £ .52 5.93 * 1,76 5
_ 3.31 %+ 1.01 4% 3,18 + .11 7.03 % 1,12 .99
5 4.26 & 1,446 A% 3,07 & .65 6.01 % 1.23 1.0
3.50 + .71 A% 2,19 & ,21 8.30 + 2.10 249
2.9 2 .77 3% 2,394 44 6.90 + .58 T.44
8P 5.10 &+ .70 A4 -
88 3.85+ .17 V% 1.87 4 .35 6.03 + 1.55 142
s . ¥ 2684 .28 6.46 + 1.18 b4

RF - 4.55

*Bergmeyer Unit for ATPase ™ amount of enzyme needed to decompose 1 g of
NADA (nicotinanide adenine dinucleiotide reduced form) in 1 minute,

T
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THE ENZYME CATALASE

As stated in this report's section on metal analyses, there is some evi-

dence that the oyster and Fundulus are accumulating metals in their tissues

during the short period of the test. These findings are reflected to a

moderate extent by the catalase levels found in both species at a few of

the stations (Table 14). Any evaluation of the impact, if any, caused by

this accumulation would require much longer perieds of exposure,

because

the energy charge and mortality data reveal that there are no acute ef-

fects.

TABLE 14

Mean Catalase in Fundulus (liver), Oyster (gill), and Shrimp (muscle)

Exposed in P-BOMs and B-BOMs
-LOOP Survey No. 4, November 1980

Catalase Units* x 10"2/@5 protein

Rumber : Fundulus Oyster: Shrimp

1 LeA=ST 1,30 .30 .285+ .02 below detection level

2 1.59 + .30 339t .07 = below detection level

) 1.16 = .16 '

38 1.06 * ;16 400+ .15 . below detection level
1.82 +1.05 A4l 2 11 below detection level
1.58 + .37 414t .03 below detection level
1,80 + .20 .265 ,03 below detection level

7 _ 1.20 + .10 .274+ .01 ~ below detection level

8p 1.38 + .16 '

8B 1.16_1 .56 770 .08 below detection level

RF 1.42 & .50 510 .12 below detection level

20
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V. SUMMARY CONCLUSIONS

LOOP Survey No. 4 was carried out by TerEco and LOOP personnel during
the period from 17 to 23 November 1980. Eight B-BOMs and two P-BOMs
were deployed at eight sampling stations. The B-BOMs were loaded with

Fundulus, Craésastrea, Palaemonetes, and Penaeus; the P-BOMs carried

only Fundulus and Palaemonetes.

There was no mortality in the test species placed in P-BOMs. Mortal-
ity was low in the B-BOMs except for the oyster. Even so, i? was less
than half what it was in Survey No. 3. The 20 percent Novémber mor -~
tality is attributed to the poor condition of the oysters prior to the
test and the very heavy siltation observed during the test, EIt is im-
portant to note that little mortality occurred at Statio@ 3 (dif-
fuser); rather the highest oyster mortality was at Station BE(the con=~
trol station). E

The results of the. present survey support the conclusionéthat the
heavy mortality found in B-BOMs of Survey 3 (June 1980) resélted from
dissolved oxygen deficiency in bottom waters, Salinity increases,
which were moderate, had nothing to do with the mortality situation.
Thus, whereas the salinities of Surveys 3 and 4 were essentially the
same, the dissolved oxygen levels of Survey 4 were well above those of

Survey 3,

Hydrographic conditions during Survey No. 4 appeared to be normal.
The temperature of both surface and bottom waters were well below
those of June and well above the lows observed in December. As noted
above, salinities were essentially the same as obgerved in June.

Oxygen levels had returned to normal.
The adenylate energy charge.ratios (E.C.) were excellent. The grass

shrimp average from all stations was the highest this far observed in

any of the surveys. The E.C. of the brown shrimp was about equal to

21
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rcc.ﬂul_b .—..:Fwo . h—HP“ ._.AO-H Dﬁ\(lC.U.bCClw_\
Waler Analvsis:

Sample Ham.smnomsg '~ Dissolved Nitrate Ammonia Total Sulfate  Chloride Calcium Total
| | Oxygen as N, as N, Kjeldaht as moﬁh as Cl as CaCOg Alkalinity
\ o ppm ppm ppm Nitrogen ppm ppm ppm  as owoom
. . . ppm
Boni Site1 Topl1/18/80 ~ -~ 5.9 *ND 0.9 L2 2568 18,700 388 - 138
Bom Site 1 Bottom 11/18/80 2.5 *¥ND 0.4 2.2 2658 19,000 404 136
Bom Site 3 Top 11/18/80 8.3 0.1 0.5 2.0 9691 18,900 400 140
Bom Site 3 Bottom 11/18/80 6.5 WD - 0.8 S 14 2561 18,900 388 134
Bom Site.8 Top 11/18/80 6.0 *ND 0.8 1.8 2658 18, 400 394 138
Bom Site 8 Bottom 11/18/80 6.5 _*ND 1.8 1.4 2411 18,400 435 138

-

*ND = None Um,ﬂmo”ma less than 0.1 ppm
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Ecnu Lavia, . HUN-@O" m
Water Analysis - Cont'd , * File No,: 253-03200-37
Sample Identificatioh Phenolpthalein Ortho~ Total Total - Total
PR Alkalinity Phosphate Phosphate Dissolved Suspended
. : o B Gmoom i as POy as PO m. Solids " -Solids
i E.UE ppm - Ppm ppm ppm
- Bom! m:_m 1 Top 11/18/80 20 | . **ND . *¥ND 38,345 . 55
Bom Site 1 Bottom 11/18/80 16 *¥ND +END 38, 354 46
‘Bom Site 3 Top 11/18/80 14  #ND wND 87,957 43
Bom Site 3 Bottom 11/18/80 20 *ND **ND 38,153 4T
P . .
Bom Site 8 Top 11/18/8¢ . .20 **¥ND *¥ND 39, 755 45
Bom Site 8 Bottom 11/18/80 0 ~ HeND  *ND 38, 957 43

**ND = None Detected less than 0.1 ppm
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"LOOP, INC,
V/ater Analysis - Cont'd

Page 4
File No.: 253-03200-37

Sample Identification Total Solids Silicon Salinity  Turbity
\ ppm as Si0g o/oo! as Si0y
_ ppm ppm
' Bom Site 1 Top 11/18/80 38, 400 1 32.32 1
Bom Site 1 Bottom 11/18/80 38, 400 2 32.75 3
Bom Site 3 Top 11/18/80 38, 000 1 32, 61 i)
Bom Site 3 Bottom 11/18/80 38, 000 2 32. 61 15
Bom Site 8 Top 11/18/80 39, 800 1 . 31.85 17.
39, 000 1 31. 63 25

‘Bom Site 8 Bottom 11/18/80

Lma :
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LOOP, INC.
Water Analysis File No,: 253-03209-38
Sample Identification Dissolved Ortho- Total Total Total TJotal
: Oxygen Phosphate Phosphate Suspened Dissolved Solic¢
pbm as POy POy Solids Solids ppm
SIRE; ppm ppm ppm _ppm
Bom Site. 2 Top 11/19/80 6.8 *ND *ND 16 41,804 41,82
Bom Site 2 Bottom 11/19/80 6.5 *ND _*zc 10 40,570 40,5¢
Bom Site 4 Top 11/19/80 6.4 *ND *ND 13 45,027 45,04
Bom Site 4 Bottom 11/19/80 6.4 *ND *ND 41 59,639 £9,6¢
J) , -
8om Site 5 Top 11/19/80 6.4 *ND *ND 21 42,179 42,2¢C
Bom Site 5 Bottom 11/19/80 6.0 *ND *ND 32 40,528 40,5¢€
‘Bom'Site 6 Top 11/19/80 6.6 *ND *ND 28 41,832 41,8¢
Bom Site 6 Bottom 11/15/80 6.4 *ND *ND 11 42,369 42,3t
Bom Site 7 Top 11/19/80 6.7 *ND *ND 8 58,852 59,8
5 Bom Site 7 Bottom 11/19/80 6.5 *ND *ND 13 39,747 . 39,7

*ND----None Detected less than 0.2 ppm
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LoOP, INC. | *page 3
Water Analysis . File No.: 253-03200-38
Sample Identification - silica Salinity Nitrate Ammonia Total Sulfate Chloride Calcium
as St 0/00 as N as N Kjeldahl as 504 as (l as CaC03
ppm - ppm ppm Nitrogen ppm pPpm - ppm
. . _ ppm
Bom m*nm.m Top 11/19/80 - 1 34.40 less than'l 1 0.1 2551 . 19,989 416
Bom Site 2 Bottom 11/19/80 1 34,30 less than 1 0.6 0.1 2592 119,989 376.
Bom Site 4 Top 11/19/80 1 34,52 less than 1 0.2 6 - 2634 20,059 400
Bom Site 4 Bottom 11/19/80 1 34.40 less than 1 0.6 0.6 2576 19,5969 392
Y , — = . :
q Bom Site 5 Top 11/19/80 1 34.40 - -1 . 0.5 0.5 2362 Hm.mmms 478
‘) i .
. Bom Site 5 Bottom 11/19/80 2 34.16 2 0.3 0.4 2527 19,848 » 439
. B , —
Bom Site 6 Top 11/19/80 1 3.52  less than 1 *ND 0.4 2510 20,059 . 376
J : : .
Bom Site 6 Bottom 11/19/80 1 34,52 1 *ND 0.2 2601 20,059 .wNm
Bom Site 7 Top 11/19/80 1 34.52 less than 1 *ND 0.8 2271 20,059 408
m% . “Bom Site 7 Bottom 11/19/80 - 2 34,52 1 *ND 0.2 2601 20,059 431
< . m .

* ND -- None Detected less than 0.1 ppm




B LI . 7 .
L0OP, INC. o | Page 4 | |
Water Analysis . | . File No.: 253-03200-38"
Sample Identification . ‘ Total | Turbidity |
o . . Alkalinity as 5§10y .
: as CaC0j ppm _ : e
ppm
Bom Site 2 Top 11/19/80: _ 127 . 7 .
Bom Site 2 Bottom 11/19/80 ‘ 125 8 . .
|- Bomsite s Top 1720780 J _ 126 | 15 .
3 Bom Site 4 Bottom 11/19/80 = S 125 27 . .
<" Bom Site 5 Top 11/19/80 | 127 7
9 Bom Site 5 Bottom 11/19/80 147 L 33 .
* - Bom Site 6 Top 11/19/80 : 124 6
Bom Site 6 Bottom 11/18/80 . | 126 7
1 — .
e Bom Site 7 Top 11/19/80 125 8 ’

Bom Site 7 Bottom 11/19/80 o 126 T
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WATER AMALAIS: . ) )
SAMPLE IDENTIFICATIGN DISSOLVED| NITRATH AMMONIA| TOTAL- [ SULFATE | CHLORIDE [ CALCIUM [TOTAL
o OXYGEN | AS N, | ASN, | KJELOML| AS S0, AS €1 | AS CaCOyl ALKALINITY
PPM PPM | PPM ' | NITROGEN| PPM PPM PPM o AS CaC0
. PPN _ _ PP
Bom Site #1 Top 11/21/80 6.9 o | 0. 0.4, 2666 18,300 | 376|125
Bom'Site #1 Bottom 11/21/80 | 6.6 o 09 | 0. 2724 18,600 | 38 126
Bom Site #2 Top 11/22/80 | 7.0 W | w0 | 0.4 2658 18,400 | 384 | 125
Bom Site #2 Bottom 11/22/80 | 7.4 W | 0.1 | 0.3 2708 18,300 | 383 | 128
Bom Site #3 Top 11/21/80 6.8 | e | 0.8 2666 18,500 | 3,61 |15
Bom Site #3 Bottom 11/21/80 | 6.7 Mo | 13| 0.7 2658 18,600 | 376 | 126 -
Bom Site #4 Top 11/22/80 6.6, wo | 1.1 1.2 2601 18,300 | 376 | 126
Bom Site #4 Bottom 11/22/80 | 7.3 W | M0 | 1.4 2658 18,500 | 376 | 126
Bom SitedSTop 11/22/80 7.2 woo | w0 | 07 2642 18,500 | 376 | 126
Bom Site 45 Bottom 11/22/80 | 7.3 o | w0 | 0.3 2658 18,300 | 368 | 126
Bom Site #6 Top 11/22/80 7.4 U T N R T 18,600 | 392 | 122
Bom Site 46 Bottom 11/22/80 | 7.2 W | L1 04 2752 18,500 | 392 | 124
" Bom Site #7 Top 11/22/80 7.1 D | N w 0.8, 2675 18,500 | 408 | 126
]

Continues
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LOOP, INC. Y . Page nlv

WATER ANALYSIS: _

SAMPLE IDENTIFICATION DISSOLVED | NITRATE([ AMMONIA | TOTAL SULFATE CHLORIDE | CALCIUM | TOTAL
OXYGEN AS N, | AS N, KJELDAHL { AS S0y AS C1 AS CaC0s ALKALINITY
PPM PPM PPM NITROGEN | PPM PPM PPM AS CaC0s

PPM PPM

Bom Site #7 Bottom 11/22/80 7.2 *ND *ND 0.4 2666 18,500 392 126

Bom Site #8 Top 11/21/80 7.4 *ND 0.2 1.2 2428 17,800 376 130

Bom Site #8 Bottom 11/21/80 7.1 *ND *ND 0.6 2551 18,000 392 128

1

*ND=NONE DETECTED LESS THAN 0.1 PPM
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- .. PAGE3 . . .
\M 3 v vb. . 2 v N,
WATER ANALTSIS File No. 253-03200-39
SAMPLE 1DENTIFICATION PHENOLPHTHALE INJ ORTHO- TOTAL TOTAL TOTAL TOTAL [ SILICON[ SALINITY| TURB
- ALKALINITY PHOSPHATE | PHOSPHATE | DISSOLVED| SUSPENDED| SOLIDS | AS $102{ AS 0/00 |AS
VL AS CaCO3 AS PO, AS PO, SOLIDS SOLIDS PPM PPN 510,
PPM PPM PPM PPM PPM PPH
Bom Site #1 Top 11/21/80 | 1 *ND *ND 40,732 8 40,740 2 31.67 |3
Bom Site #1 Bottom 11/21/80| 12 *ND *ND 40,995 5 41,0001 2 32.15 |13
Bom Site #2 Top 11/22/80 13 *ND *ND 39,493 7 39,500 1 31,79 {2
Bom Site 42 Bottom 11/22/80| 14 *ND *ND 41,336 4 41,340} 1 31.56 |7
Bom Site #3 Top 11/21/80 18 *ND *ND 40,812 8 40,820| 1 32.03 |7
Bom Site #3 Bottom 11/21/80| 18 *ND *ND 42,397 3 42,400| 1 32,15 |3
Bom Site #4 Top 11/21/80 18 *ND *ND 41,887 13 41,900| 1 31.67 |9
Bom Site #4 Bottom 11/22/80| 18 *ND #ND 39,181 39 39,220} 2 32.02 | 12
Bom Site #5 Top 11/22/80 | 20 *ND *ND 39,397 23 39,420| 3 31,91 | **N
Bom Site #5 Bottom 11/22/80| 18 *ND *ND po.pam 74 .wwo.wwo 1 31.56 35
L RLHEN N
Bom Site #6 Top 11/22/80 | 20 | wnp i *ND 41,654 6 41,6600 2 31.79 | 4
////Woa Site.#6 Bottom 11/22/80! 29 *ND . M *ND 41,532 8 41,540 2 32.03 5

Continues
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LOOP, INC. PAGE 3A .
z_.ﬂmx ANALYSIS FILE NO.: 253-03200-39
SAMPLE IDENTIFICATION PHENOLPHTHALEIN| ORTHO~ TOTAL TOTAL | TOTAL TOTAL SILICON | SALINITY:+TUR
ALKALINITY PHOSPHATE PHOSPATE DISSOLYED | SUSPENDED } SOLIDS AS ﬂom AS 0700 [AS
AS CaC0y AS POy AS PO, SOLIDS SOLIDS pr PPM R KT
PPM PPM PPM PPM PPM PPM
Bom Site #7 Top 11/22/80 22 *ND *ND 40,676 4 40,680 [ 2 31.91 | **N
Bom Site #7 EBottom 11/22/80} 20 *ND *ND 40,517 3 40,520 | 2 32.03 | **N
Bom Site #8 Top 11/21/80 22 *ND *ND 39,273 7 39,280 | 2 30.75 | 9.
Bom Site #8 Bottom 11/21/80( 18 *ND *ND 40,255 5 40,260 | 2 31.20 |9

*ND = NONE DETECTED, LESS THAN 0.1 PPM
**ND = NONE DETECTED, LESS THAN T PPM
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Table 1,

Station

RC
88 (7}
8B
8p
7B
6B
5B
4B
3B
3p
2B

1B

o

Comparison om baseline alkane and aromatic hydrocarbon concentrations in oysters with samples
ﬁmwma on 7/80 and 11/80,

23

Alkanes
Baseline

10/79 12/79 7/80 11/80
0.20 0.20 1,02 0.35
—— ——- 0.71 ———
0.24 0.12 0.38 0.30
— — 0.81 ———-
0.35 0.09 —an- 0.32
0.51 0.07 ——— 0.54
0.63 0.15 1.11 0.36
0.59 0.18 1.23 0.22
——-- ——— — 6.65-
——-- - 2,23 -
0.52 0.14 — 0.36
0.52 0.39 2.72 0.42

Aromatics
Baseline
10/79 12/79 7/80 11/80
45.73 37.93 33.09 22.80
——— ---- 21.67 -
26,13 34.03 14,47 25.87
———— ———— 20.68 -
_mq.mm. 51.65 ———— 37.07
25.48 41.02 ———— 78.83
31.22 36.79 23.63 38.93
25.42 38.42 28.75 23.40
- ——— ———— 219.33
— ———- 29,74 ———
37.48 41,70 -———— 41.97
38,32 35.49 39.88 um.wu
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Table 2,

Statio

RC
88
7B
6B
5B
4B
3B
2B

1B

o

s e

Comparison of baseline alkane
taken on 7/80 and 11/80.
Alkanes
Baseline

10/79 12/79 7/80 11/80
0.71 0.00 0.08 0.02
0.68 0.00 -——— 0.00
0.65 0.03 ——— 0.01
0.44 0.08 -———- 0.05
0.61 0.00 -—— 0.01
0.27 0.01 ———- 0.02
—-—— cwa= “n—- 0.03
0.17 0.13 - 0.07
0.19 0.04 ——— 0.08

. i
and aromatic hydrocarbon concentrations in shrimp with samples

Aromatics
Baseline
10/79 12/79 7/80 11/80
3.77 0.54 5.01 0.69
3.66 0.46 -———- 0.77
2.08 0.59 ———— H.oq.
1.84 1.24 ———— 1.60
3.25 0.93 ———— 0.63
2.18 2.57 -——— 0.86
amoa i ———— 0.86
2.21 4,26 ——— 0.81
11,26 4,52 ——— 1,07
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Table 3. noawmuwmo:_omiwwmnwwubimpwuuminumsbab:h»hu‘r P

ﬂpwr-a Wik sy uv alld 1lf 0V,

Alkanes
Baseline

Station 10/79 12/79 7/80 11/80
RC 0.30 0.16 0.06 0.34

88 (7) e ———- 0.05 ——--
8B 0.29 0.13 0.13 0.20
8p 0.29 0.26 0.06 0.23
78 0.41 0.11 - 0.20
68 . 0.38 0.10 — 0.27
5B 0.55 0.03 ——-- 0.22
48 0.45 0.19 — 0.26
38 S S —- 0.25
3p 1.15 0.25 0.09 0.29
28 0.82 0.04 ———- 0.23
1B 0.47 0.02 .- 0.37

ceee—— With samples

Aromatics
Baseline
10/79 12/79 7/80 11/80
4,91 0.17 1.38 2.94
S — 1.14 -—
4,65 0.43 1,92 1.40
3.68 0.49 1.33 1.83
6.01 0.45 m——— 1.53
4,49 0.39 - 1,30
7.49 0.39 —a-- 2.20
5.14 0.52 —— 1.77
———— —ana ——— 2,20
14,40 0.34 , 1.14 2.10
6.18 0.20 ——— 1.60
2.12 0.18 —-- 2,33

o1



